Background: The mortality rate of maintenance hemodialysis (MHD) patients remains high. Measures of protein-energy wasting, including hypoalbuminemia, are strongly associated with their high mortality. Growth hormone (GH) may improve lean body mass (LBM) and serum albumin levels, and health-related quality of life (HRQoL), which are significantly and positively associated with survival in MHD patients. The OPPORTUNITY TM Trial will examine whether GH reduces mortality and morbidity and improves overall health in hypoalbuminemic MHD patients.
A dult end-stage renal disease (ESRD) patients undergoing maintenance hemodialysis (MHD) experience high mortality and morbidity with diminished quality of life (1, 2) . Death and hospitalization rates in MHD patients correlate strongly with indicators of low protein mass, as indicated by low serum albumin and decreased fatfree, edema-free body mass (i.e., lean body mass [LBM] ), as well as chronic inflammation (3, 4) . This is an important association because protein-energy wasting (PEW) occurs in approximately 40% of MHD patients (5) . The possibility that improved measures of PEW may lead to decreased mortality or morbidity was recently underscored by several cross-sectional and longitudinal evaluations of cohorts containing up to 58,000 MHD patients who were followed for up to 2 yr. These studies showed that both higher serum albumin and body weight and an increase in these measures are strongly associated with greater survival (6, 7) . However, there are no prospective, randomized, clinical trials (RCTs) that have confirmed or even assessed whether a pharmacologic intervention that improves indicators of PEW prolongs survival and/or reduces morbidity, including hospitalization, in MHD patients. Thus, major unmet medical needs and important questions exist concerning whether PEW causes mortality and morbidity in MHD patients and whether a treatment that reduces PEW will reduce their high mortality and morbidity.
Growth hormone (GH) has extensive metabolic and, in par-ticular, protein anabolic effects (8) , a number of which have also been demonstrated in MHD or chronic peritoneal dialysis patients (9 -23) . Most of these studies were performed on small numbers of patients. A recent phase 2 RCT involving 139 MHD patients indicated that the GH-treated patients underwent improvement in LBM, serum transferrin, exercise capacity, and a tendency (P ϭ 0.076) for serum albumin to rise (9) . Based on these data, a decision was made to conduct a more definitive prospective RCT in hypoalbuminemic MHD patients.
Materials and Methods

Trial Design
A schematic diagram illustrating the trial design is depicted in Figure  1 . This is a 2-yr (104-wk), prospective, randomized, double-blind, parallel-group, placebo-controlled, multicenter international trial investigating the effect of recombinant human GH (Somatotropin, Norditropin, Novo Nordisk A/S.) on survival (time to death) in adult MHD patients (www.Clinicaltrials.gov; NCT00503698). The recruitment period is scheduled to last 28 mo. Patients will be seen at 14 visits over the 2-yr period. All visits will take place in connection with a regular dialysis session. At present, the following countries are scheduled to participate in the trial: Argentina, Australia, Brazil, Canada, China, Czech Republic, Denmark, France, Germany, Hungary, India, Israel, Italy, New Zealand, Poland, Portugal, Russia, South Africa, Spain, Sweden, Turkey, United Kingdom, and United States. A total of 2500 subjects (up to 50% diabetic patients per treatment group) will be randomized to treatment with either GH or matching placebo. Randomization will be stratified by the presence or absence of diabetes mellitus. For the purposes of this trial, subjects diagnosed as diabetic must meet the following criteria: 1) diagnosis of diabetes mellitus (either type 1 or type 2) according to current American Diabetes Association criteria; and 2) current treatment with an oral antidiabetic drug and/or insulin, or patients undergoing dietary management with a fasting plasma glucose Ն126 mg/dl (7.0 mmol/L, median of three measurements analyzed by the central laboratory).
Inclusion Criteria
Males or females undergoing MHD, age Ն18 yr, serum albumin Ͻ4.0 g/dl (determined by the median of three measurements analyzed by the central laboratory), clinically stable and receiving adequate MHD (as defined by a single pool Kt/V Ն1.20 OR no less than 3 dialysis sessions per week with a total dialysis time Ն12 h per week) for at least 3 mo before enrollment. Diabetic patients must be willing to commence insulin therapy if deemed necessary for plasma glucose control.
Exclusion Criteria
Active malignant disease (defined as less than 5 yr since receiving a diagnosis of being malignancy-free), critical illness as defined by the need for respiratory or circulatory support (e.g., in an intensive care unit), active vasculitis, severe congestive heart failure (New York Heart Association class IV), severe chronic systemic infectious or inflammatory disease, liver disease (defined as serum alanine aminotransferase or aspartate aminotransferase levels greater than three times the upper limit of normal), active proliferative or severe nonproliferative diabetic retinopathy, uncontrolled hypertension (predialysis systolic blood pressure Ͼ180 mmHg or predialysis diastolic blood pressure Ͼ110 mmHg) in two of the last three consecutive dialysis sessions, known or suspected allergy to trial product(s) or related products, females of childbearing potential who are pregnant, breast-feeding, intend to become pregnant, or not using adequate contraception, treatment with corticosteroids in doses Ͼ10 mg/d prednisolone (or equivalent), treatment with immunosuppressive agents or receipt of any investigational drug within one month preceding screening, known GH deficiency, mental incapacity, unwillingness or language barrier precluding adequate understanding, any condition considered to interfere with trial participation or evaluation of results or that makes the trial potentially hazardous to the patient, and a scheduled renal transplantation within the trial period.
Primary Endpoint
The primary endpoint, time to event (death), will be evaluated on a 1% significance level in a stratified Cox proportional hazard regression model for right censored survival time. The hypothesis, no treatment effect, will be tested in a one-sided log-likelihood test accounting for gender, age, and time on dialysis at baseline and stratified for diabetic status.
Secondary Endpoints
Several secondary efficacy and safety endpoints will be assessed during the trial (Tables 1 and 2) : Two-year mortality rate, frequency and duration of hospitalizations, time from randomization to first hospitalization, time to next cardiovascular event, composite of allcause mortality, nonfatal myocardial infarction, cardiac insufficiency, stroke and other thromboembolic events, cardiovascular events per year (number of myocardial infarctions, cardiac failure, strokes, and other thromboembolic events), serum albumin, transferrin, homocysteine, and lipids pattern (total cholesterol, low density lipoprotein, high density lipoprotein, and triglycerides), LBM, and fat mass as assessed by bioelectrical impedance analysis, normalized protein equivalent of total nitrogen appearance calculated from predialysis and postdialysis plasma urea levels and dialysis characteristics, appetite assessed by the visual analog scale, serum C-reactive protein, TNF-␣, and IL-6, hand grip strength, maximal walking speed, activities of daily living, and HRQoL assessed by EQ-5D and SF-36, version 2. All secondary efficacy endpoints except HRQoL and the 2-yr mortality rate are structured hierarchically and will be analyzed accordingly. Safety endpoints (Tables 1 and 2) will include adverse events assessed from the patient's medical history, physical examination, and laboratory tests, including routine hematology tests and chemical analyses and particularly fasting serum glucose and insulin, self-monitored blood glucose, HbA 1C and 
Statistical Analyses
The primary endpoint, i.e., time to event (death), will be evaluated on an ongoing basis by applying an event-driven group sequential design. The method will control the type I error by using a general Rho function, as previously proposed (24), in three incorporated interim analyses executed after a prespecified number of events (567, 851, and 1134 deaths). Each evaluation will take both efficacy and futility into account. The results of the first interim analysis, but not the subsequent two analyses, could lead to an extension of the treatment and follow-up period. Any recommendations for these changes will be made by the independent Data Monitoring Committee. Safety will be assessed unblinded monthly by the Data Monitoring Committee. For the secondary endpoints, the general approach for statistical analyses will be a base- Blood sampling is done a maximum of 2 hours in advance of the dialysis session. The samples are analyzed centrally. e Laboratory parameters are fasting (a minimum of 6 hours) lipids, insulin, and glucose (visits 1, 10, and 14 only), homocysteine, transferrin, CRP, IL-6 and TNF-␣. At visits 1, only fasting lipids, insulin, and plasma glucose will be measured. Blood sampling should be done at a maximum of 2 hours in advance of the dialysis session. The samples will be analyzed centrally.
f Serum albumin and fasting (a minimum of 6 hours) plasma glucose are measured three times at three different dialysis sessions before visit 2 within the allowed 3 weeks. The samples are analyzed centrally.
g At the time of the last patient's last visit (approximately 36 months after the first patient's first visit), survival data on all patients who were still alive at visit 14 will be obtained from the medical records or local registries.
Clin J Am Soc Nephrol 3: 1741-1751, 2008 The OPPORTUNITY TM Trialline-adjusted analysis of variance on the observed change from baseline to end of trial. In the matter of frequency, a negative binomial model or a logistic regression model will be applied, if feasible. Primary analyses of outcomes will be by intention to treat.
Sample Size Calculation
The sample size calculation is based on a 2-yr background mortality rate of 40% and an expectation of reducing the 2-yr mortality rate by 20% corresponding to a hazard ratio of 0.802. It is estimated that 95% of the included subjects will contribute to survival data, even though we anticipate that close to 50% probably will drop out of the study protocol for various reasons. To obtain 90% power, 2500 MHD subjects will be included (up to 50% with DM). This number should be sufficient to obtain 1134 events over 3 yr (16 mo of accrual and 2-yr follow-up), which would be needed applying a one-sided log-rank test for two exponential survival curves evaluated on a 1% 
biochemistry
Trial products treatment with trial product and instruction/practice in the use of the delivery device as needed
a Self-measured blood glucose is only done by the subjects diagnosed with diabetes. b Insulin is measured only in subjects without diabetes. The samples are analyzed centrally. c Only females of childbearing potential undergo the pregnancy test. This test is carried out at visit 1 and visit 14 or according to the regulations of the relevant government.
d At screening, serum fasting (for a minimum of 6 hours) plasma glucose is measured three times at three different dialysis sessions before visit 2 within the allowed 3 weeks. The samples are analyzed centrally.
e Only PTH and AST/ALT are measured at visit 1. Blood sampling is done at a maximum of 2 hours in advance of the dialysis session. The samples are analyzed centrally.
f The time interval can vary between 0 and 3 weeks before visit 2 as long as three measurements of serum albumin and fasting plasma glucose are obtained within this period of time.
significance level and accounting for 5% exponential drop-outs in both treatment groups.
Study Organization
Steering Committee: The Steering Committee is responsible for overseeing the conduct of the study, monitoring its progress, reviewing and approving proposed protocol amendments, if any, and analyzing and writing the results. The Steering Committee provides advice to Novo Nordisk on these matters.
Clinical
Independent Biostatistics Group (Cyncron): This organization supports the Data Monitoring Committee through unblinded safety and efficacy data analyses, specifically evaluating the safety of the Trial and whether the possibility remains of demonstrating statistically significant beneficial effects.
Central Laboratory: Two central laboratories are used. Advisory Board: The Advisory Board is composed of nephrologists, endocrinologists, other academicians, and Novo Nordisk personnel who consult concerning long-range global issues regarding this trial and related research. Novo Nordisk is the study sponsor and oversees the global execution of the study.
Discussion
Effects of GH in Normal Individuals and People with Advanced Chronic Kidney Disease (CKD)
GH stimulates protein synthesis, bone growth, calcium retention, bone mineralization, and lipolysis with decrease in adipose tissue (25) . GH reduces hepatic glucose uptake and promotes gluconeogenesis, thereby opposing the glucose-lowering actions of insulin. The effects of GH vary according to whether the patient is fasting or fed. GH exerts its actions, in part, by stimulating the secretion of IGF-I, but GH also has direct, IGF-I-independent effects, including stimulation of gluconeogenesis and lipolysis (8, (25) (26) (27) . Individuals with advanced CKD may be resistant to GH, which may be the result of decreased GH receptors and/or postgrowth hormone receptor defects (28 -30) and also to decreased bioavailability and resistance to the actions of IGF-I (31, 32) .
Because children with CKF commonly have impaired growth and adults with CKF have a high prevalence of PEW, GH treatment has been studied in these individuals. GH stimulates growth in children with CKF, including those undergoing maintenance dialysis therapy and kidney transplant recipients (33, 34) . Studies in adults with ESRD indicate that GH may stimulate anabolism and improve indicators of body composition known to be associated with increased survival. These effects are summarized in Table 3 .
Many reports indicate that GH injections into adult ESRD patients decrease net urea production (urea nitrogen appearance) and/or serum urea, and sometimes serum phosphorus and potassium (10, 12, 14, 23) . These findings suggest more effective utilization of protein and amino acids. Metabolic studies also indicate increased protein synthesis and more positive protein or nitrogen balance (13, 22, 23) . Mild hyperglycemia occurred in some of these short-term studies (12, 14) . Longer-term interventional trials with GH lasting up to 6 mo often, but not always, showed an increase in muscle mass or lean body mass, decrease in fat mass, and new bone formation (15, 16, 18, 19) . Serum albumin (11, 18) or transferrin (14) rose in some trials. GH is reported to increase serum erythropoietin, leptin, IGF-I, and IGF binding protein-3, increase target organ sensitivity to parathyroid hormone and bone mineral density in GH-deficient people, and reduce serum parathyroid hormone levels (10, 17, 20, 23, (35) (36) (37) .
Why Study GH Treatment Again in MHD Patients?
The foregoing studies were usually of short duration and involved small numbers of MHD patients: usually, 10 subjects or less per treatment arm (Table 3) . They were not all placebocontrolled. The duration of study, doses of GH, and key outcome measures varied substantially. Nonetheless, these observations indicated that GH has potent anabolic effects in ESRD patients and provided a rationale for the pilot and feasibility study for the OPPORTUNITY TM Trial. The proof of concept and feasibility study was a prospective randomized, double-blind, placebo-controlled, dose-ranging RCT involving 139 MHD patients with a serum albumin of 4.0 g/dl or less (22) . The key outcomes were indicators of nutritional or possibly inflammatory status. Patients were randomly assigned to receive daily subcutaneous injections of low (20 g/kg per day, n ϭ 34), medium (35 g/kg per day, n ϭ 34), or large (50 g/kg per day, n ϭ 37) doses of recombinant human GH (Norditropin Novo Nordisk A/S, Denmark) or placebo (n ϭ 34) for 26 wk. During or by the end of the study, the three groups of GH-treated patients, in contrast to the placebo-treated group, exhibited a significant increase in LBM and serum transferrin and high density lipoprotein-cholesterol, a reduction in serum homocysteine, and improvement in HRQoL for physical well-being. Serum albumin tended to rise in these patients (P ϭ 0.08). Indeed, serum albumin rose close to significance in the patients receiving the lowest dose of GH (0.20 g/dl) versus Ϫ0.115 g/dl in the placebo group (P ϭ 0.06). Morbidity and mortality rates were not significantly different in the placebo or GH treatment groups, but the study was not powered nor designed to assess changes in these outcomes.
Why Do We Need a Large-scale RCT to Test the OPPORTUNITY TM Hypotheses?
Epidemiologic studies demonstrate that low or worsening measures of protein mass and low HRQoL indicators are significant predictors of mortality and morbidity in MHD patients. The phase 2 clinical trial of GH demonstrated that GH improves markers associated with better clinical outcome in adult MHD patients, including LBM and serum protein levels (22) . However, there are no studies examining whether GH therapy, or any other pharmacologic therapy that increases protein Clin J Am Soc Nephrol 3: 1741-1751, 2008 The OPPORTUNITY TM Trial 
Safety Aspects of GH
Studies in children with CKF who were treated with GH to increase stature indicate that GH is quite safe. Nevertheless, despite its evidently beneficial effects, it is uncertain whether long-term use of pharmacologic doses of GH may induce undesirable effects. In one clinical trial, GH treatment of MHD patients was associated with an initial increase in serum glucose, which reached a steady state in 2 wk (14) . Another study in MHD patients did not show a significant increase in blood glucose (18) . In the doses used in the phase 2 study (9), GH did not induce hyperglycemia, although serum glucose rose transiently. GH reduces insulin sensitivity during conditions of stress or food deprivation (38) . The impact of GH on insulin sensitivity may vary depending on the MHD patient's body composition. In GH-deficient adults, GH replacement therapy is reported to decrease insulin sensitivity during the initial months of treatment with a subsequent reversal toward improved insulin sensitivity thereafter (39) . An initial decrease in insulin sensitivity with GH therapy followed by increased sensitivity may be related to a rise in their LBM and a decrease in fat mass, as was observed in the phase 2 study in MHD patients (9) . Such a biphasic response may explain the initial rise in fasting plasma glucose that occurred in the GH-treated patients in the phase 2 study (weeks 2 to 4) with a subsequent (week 12 onward) return to baseline glucose levels (9) . Because MHD patients may have glucose intolerance and diabetic MHD patients will also be studied in this trial, the effects of GH treatment on serum glucose levels will be carefully monitored.
If the GH-treated patients are given more insulin to control their serum glucose levels, the insulin might cause a selective anabolic stimulus to the GH-treated group. If there is a greater increase in the quantity or frequency of insulin administered in the GH group, we will attempt to adjust for this difference in insulin dosage and for any associated increase in anabolic status in our statistical analyses of the effects of GH treatment. However, an improvement in anabolism associated with an increase in insulin dosage could be considered a potential benefit of GH treatment.
Another question is whether GH will increase left ventricular mass (LVM); this was not observed in the phase 2 study (40). Jensen et al. described increased LVM, determined by echocardiography, in nine MHD patients receiving GH as compared with 11 MHD patients given placebo (41) . However, their sample size was small, the mean baseline LVM values were substantially lower in the GH-versus the placebo-treated patients (172 g versus 281 g), and it is not clear that patients were all studied at the same time interval after completion of a hemodialysis treatment. On the other hand, several studies report that GH-deficient adults without kidney failure have increased left ventricular hypertrophy after GH treatment (42, 43) .
GH, in large doses, may cause sodium and water retention in individuals with normal kidney function. This effect is most likely the result of stimulation of sodium reabsorption in the kidney (44) . Because MHD patients have little or no renal function, this side effect is not considered likely to occur. GH in high levels may induce acromegaly (8) . At the GH dose that will be used in the OPPORTUNITY TM Trial, this side effect is not reported to occur, and it has not been described in previous studies of GH treatment in MHD patients (Table 3) .
GH receptor mRNA is present in B lymphocytes (45) ; GH may stimulate differentiation of B-cell lymphoid precursors (46) , and IGF-I may promote cancer growth in vitro (47) . Hence, there is concern that GH might induce cancer or promote cancer proliferation. This is particularly relevant because there is increased risk of cancer in ESRD patients (48) . Indeed, in people not previously treated with GH, spontaneously high serum IGF-I levels and/or low levels of IGF-binding protein-3 are associated with increased risk of several cancers, including breast, colon, prostate, and lung cancer (49) . Not all epidemiologic studies confirm this association. As discussed by Cohen et al., there are explanations for the relationship between higher serum IGF-I and the risk of cancer that do not involve effects of GH (49) . Moreover, GH elevates serum IGFBP-3, and this binder of IGF-I may inhibit cancer growth in vitro (50) . Mice transgenic for bovine GH, which do not have activated prolactin receptor, do not develop more malignancies (51) . However, IGF-I levels in rodents may be inversely associated with the rate of tumor growth, particularly in animals with pre-established malignancies (49) . Observations concerning the incidence of cancer in acromegalic patients are controversial. These individuals probably are not at increased risk of cancer (52) , although their risk of developing colonic polyps may be increased (53) .
A recent retrospective observational study evaluated cancer risk in GH-treated children with advanced CKD who were not receiving renal replacement therapy, who were undergoing maintenance dialysis, or who had received a kidney transplant (54) . The findings indicated that children who began to receive GH treatments when they had chronic renal insufficiency and who then received a kidney transplant had a significantly higher incidence of lymphoproliferative disease than children with kidney transplants who had not received GH; however, the odds ratio, adjusted for age and time when manifestations of the lymphoproliferative disease occurred, was 1.88 (95% confidence limits, 1.00 to 3.55, P ϭ 0.05). Moreover, a large proportion of the GH-treated transplant recipients who developed lymphoproliferative disease were Epstein-Barr virus positive, which is a risk factor for this semimalignant disease. Children with CKF who received GH and either did not receive renal replacement therapy or who underwent maintenance dialysis showed no increased risk for lymphoproliferative disease. Moreover, the association between GH treatment and lymphoproliferative disease was only present in the cohort receiving GH in the period 1994 to 1995, but not 1996 to 1998 or 1999 to 2006. Because recombinant human GH has been available since 1986, and since then has only been subjected to formulation changes, other explanations for this association are not unlikely. Thus, this study, although intriguing, can be considered inconclusive. Other studies in children with advanced CKD who were treated with GH to increase stature report GH treatment to be safe (55) . A recent consensus statement of several endocrine societies states, "There is no evidence that GH replacement in adults increases the risk of de novo malignancy or recurrence. GH treatment during childhood of survivors of cancer treatment increases slightly the relative risk of a second neoplasia, but there are no comparable data in adults." "-current recommendations for cancer prevention and early detection in the general population should be implemented" (56) . Thus, the foregoing considerations, taken together, do not support a role for GH in inducing cancer, although GH might stimulate the growth of preexisting cancer. Nonetheless, active malignancy is an exclusionary criterion for this trial. Moreover, the OPPORTUNITY TM Trial will use the lowest dose of GH used in the phase 2 trial, 20 g/kg per day.
GH treatment is reported to increase mortality in intensive care unit patients (57) . Although other studies using similar doses of GH, but with much smaller numbers of individuals treated, demonstrated either beneficial effects or no effects of GH treatment in intensive care unit patients (58, 59) , the trial protocol stipulates that the injections of GH and placebo will be discontinued in any study patient while he/she is living in an intensive care unit.
Conclusion
The OPPORTUNITY TM Trial will be the largest clinical trial ever carried out with GH in adult MHD patients and one of the largest clinical trials conducted in MHD patients. The key question to be tested is the effect of GH on mortality. Additional clinically relevant secondary hypotheses will also be tested. Patients will be randomized to receive daily injections of GH, 20 g/kg per day, or an equal volume of placebo for 104 weeks in a double-blind, randomized, placebo-controlled, multicenter clinical trial. Safety issues will be carefully monitored. 
